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NOTICES 


ENVIRONMENTAL  PROTECTION 
AGENCY 

(PRL  772-7;  OPP-30000/18I 

PESTICIDE  PROGRAMS 

Rebuttable  Presumption  Against  Registra¬ 
tion  and  Continued  Registration  of  Pesti¬ 
cide  Products  Containing  Ethylenebis- 
dithiocarbamates 

The  Deputy  Assistant  Administrator, 
OflQce  of  Pesticide  Programs,  Environ¬ 
mental  Protection  Agency  (EPA),  has 
determined  that  a  rebuttable  presump¬ 
tion  exists  against  registration  and  con¬ 
tinued  registraticm  of  all  pesticide  prod¬ 
ucts  containing  ethylenebisdithiocarba- 
mates  (EBDC’s) 

I.  Regulatory  Provisions 

A.  General.  Title  40.  Part  162.11,  of 
the  Code  of  Federal  R^nlations  for  the 
Federal  Insecticide,  Fungicide,  and  Ro¬ 
den  ticide  Act  (FIFRA)  as  amended  (86 
Stat.  971,  89  Stat.  751,  7  U.S.C.  136  et 
seq.),  provides  that  a  rebuttable  pre¬ 
sumption  against  registration  shall  arise 
if  the  Agency  determines  that  a  pesticide 
meets  or  exceeds  any  of  the  risk  criteria 
relating  to  acute  and  chronic  toxic  ef¬ 
fects  set  forth  in  §  162.11(a)  (3).  If  it  is 
determined  that  such  a  rebuttable  pre¬ 
sumption  has  arisen,  the  regulations  re¬ 
quire  that  the  registrant  be  notified  by 
certified  mail  and  afforded  an  oppor¬ 
tunity  to  submit  evidence  in  rebuttal  of 
the  presumption.  In  addition,  the  Agency 
has  determined  that  the  public  should 
also  be  given  notice  of  the  bases  for  the 
presumption  to  provide  an  opportunity 
for  comment  and  to  solicit  additional  in¬ 
formation  relevant  to  the  presumption. 

A  notice  of  rebuttable  presumption 
against  registration  is  issued  when  the 
evidence  related  to  risk  meets  the  criteria 
set  forth  in  §  162.11(a)(3).  It  is  emt^a- 
sized  that  notice  of  rebuttable  presump¬ 
tion  against  registration  and  continued 
registration  of  a  pesticide  is  not  a  notice 
of  intent  to  cancel  the  registration  of  a 
pesticide,  and  may  or  may  not  lead  to 
cancellation.  The  notice  of  intent  to  can¬ 
cel  is  issued  only  after  the  risks  and  ben¬ 
efits  of  a  pesticide  are  carefully  consid¬ 
ered  and  it  is  determined  that  the  pesti¬ 
cide  may  generally  cause  unreasonable 
adverse  effects  to  the  environment. 

Accordingly,  all  registrants  and  appli¬ 
cants  for  registration  are  invited  pursu¬ 
ant  to  40  CFR  162.11(a)(4)  to  submit 
evidence  in  rebuttal  of  the  presumptions 
listed  in  Part  n  of  this  notice  and,  in  the 
case  of  oncogenicity,  to  submit  informa¬ 
tion  which  relates  to  the  assessment  of 
oncogenic  risks  as  set  forth  in  the 
Agency’s  Interim  Procedures  and  Guide¬ 
lines  for  Health  Risk  and  Economic  Im¬ 
pact  Assessment  of  Suspected  Carcino¬ 
gens  (May  25.  1976;  41  FR  21402) .  Regis¬ 
trants  and  other  interested  parties  may 
also  submit  for  consideration  data  on 
benefits  which  they  believe  would  justify 

‘  A  position  document,  containing  an  ap¬ 
pendix  of  references,  background  informa¬ 
tion,  and  other  material  pertinent  to  the  is¬ 
suance  of  this  notice,  has  been  prepared  by 
the  Agency  Working  Group  on  ESEiC's  and 
is  also  published  with  this  notice. 


registrati(m  or  continued  registration.  In 
addition,  any  registrant  may  petition  the 
Agency  to  voluntarily  cancel  a  current 
registration  pursuant  to  Section  6(a)  (1) 
of  FTFRA. 

B.  Rebuttal  criteria.  Section  162.11(a) 
(4)  provides  that  a  registrant  may  rebut 
the  presumption  by  sustaining  the  bur¬ 
den  of  proving: 

(1)  In  the  case  of  a  pesticide  presumed 
against  pursuant  to  the  acute  toxicity  or 
lack  of  emergency  treatment  criteria, 
“that  when  considered  with  the  formula¬ 
tion,  packaging,  method  of  use,  and  pro¬ 
posed  restrictions  on  and  directions  for 
use  and  widespread  and  commonly  rec¬ 
ognized  practices  of  use.  the  anticipated 
exposure  to  an  applicator  or  user  and  to 
local,  regional,  or  national  populations  of 
nontarget  organisms  is  not  likely  to  re¬ 
sult  in  any  significant  acute  adverse  ef¬ 
fects”  (40  CTR  162.11(a)(3)  (i)  and 
(iii) ) ; 

(2)  In  the  case  of  a  pesticide  presumed 
against  pursuant  to  the  chronic  toxicity 
criteria,  “that  when  considered  with  pro¬ 
posed  restrictions  on  use  and  widespread 
and  commonly  recognized  practices  of 
use,  the  pesticide  will  not  concentrate, 
persist,  or  accrue  to  levels  in  man  or  the 
environment  likely  to  result  in  any  sig¬ 
nificant  chronic  adverse  effects”  (40  CFR 
162.11(a)  (3)  (ii);  or 

(3)  In  either  case,  that  “the  determi¬ 
nation  by  the  Agency  that  the  pesticide 
meets  or  exceeds  any  of  the  criteria  for 
risk  was  in  error.” 

C.  Benefits  information.  In  addition  to 
submitting  evidence  to  rebut  the  pre- 
siunption  of  risk,  §  162.11(a)  (5)  (iii)  pro¬ 
vides  that  a  registrant  “may  submit  evi¬ 
dence  as  to  whether  the  economic,  social, 
and  environmental  benefits  of  the  use  of 
the  pesticide  subject  to  the  presumption 
outweigh  the  risk  of  use.”  If  the  risk  pre¬ 
sumptions  are  not  rebutted,  the  benefit 
evidence  submitted  by  the  registrant.* 
applicants,  and  other  interested  persons 
will  be  considered  by  the  Administrator 
in  determining  the  appropriate  regula¬ 
tory  action.  Specifically,  §  162.11(a)  (5) 


‘Registrants  or  other  interested  persons 
who  desire  to  submit  benefit  information 
should  consider  submitting  information  on 
the  following  subjects,  along  with  any  other 
relevant  information  they  desire  to  submit; 

1.  Identification  of  the  major  uses  of  the 
pesticide,  including  estimated  quantities 
used  by  crop  or  other  application. 

2.  Identification  of  the  minor  xises  of  the 
pesticide,  including  estimated  quantities 
used  by  category  such  as  lawn  and  garden 
uses  and  household  uses. 

3.  Identification  of  registered  alternative 
products  for  the  uses  set  forth  in  (I)  and 
(2)  above,  including  an  estimate  of  their 
availability. 

4.  Determination  of  the  change  in  costs 
to  the  user  of  providing  equivalent  pesticide 
treatment  with  any  available  substitute 
products. 

6.  Assessment  of  regulation  Impact  upon 
user  productivity  (e.g.,  yield  per  acre  and/or 
total  output)  from  using  available  substitute 
pesticides  or  from  using  no  other  pesticides. 

6.  If  the  Impacts  upon  either  user  costs  or 
productivity  are  significant,  a  qualitative  as¬ 
sessment  of  the  regulation’s  Impact  on  pro¬ 
duction  of  major  agricultural  commodities 
and  retail  food  prices  of  such  commodities. 


(iii)  provides  that  if  the  “benefits  appear 
to  outweigh  the  risks,”  the  Administrator 
may  issue  a  notice  of  intent  to  hold  a 
hearing  pursuant  to  Section  6(b)  (2)  of 
FIFRA  rather  than  a  notice  of  intent 
to  cancel  or  denv  registration  pursuant 
to  Section  3(c)(6)  of  FIFRA.  Alterna¬ 
tively,  if  the  “benefits  do  not  apoear  to 
outweigh  the  risks,  the  Administrator 
shall  issue  a  notice  pursuant  to  Section 
3(c)  (6)  or  Section  6(b)  (1)  of  the  Act,  as 
appropriate.”  Moreover,  if  at  any  time 
the  Administrator  determines  that  a  pes¬ 
ticide  poses  an  “imminent  hazard”  to  hu¬ 
mans  or  the  environment,  a  notice  of 
suspension  mav  be  issued  pursuant  to 
Section  6(c)  of  the  Act. 

Stated  below  are  the  S  162.11(a)  (3) 
risk  criteria  which  the  Agency  has  found 
to  have  been  met  or  exceed^  by  regis¬ 
trations  and  applications  for  registra¬ 
tion  of  pesticide  products  containing 
EBDC’s.  ’Hie  Agency’s  basis  for  ctmclud- 
ing  that  these  risk  criteria  have  been 
met  or  exceeded  is  set  out  in  “Ethylene- 
bisdithiocarbamates :  Position  Docu¬ 
ment  1,”  which  follows.  Copies  of  at¬ 
tachments  to  the  Position  Document 
which  are  not  published  with  this  notice 
are  available  for  public  inspection  in  the 
Office  of  Special  Pesticide  Reviews.  In¬ 
formation  pro^ted  from  disclosure  pur¬ 
suant  to  FIFRA  Section  10  cannot  be 
provide.  Specific  inquiries  concerning  the 
Position  I^ument,  as  well  as  requests 
for  access  to  these  files,  should  be  di¬ 
rected  to  Project  Manager  Dr.  Nancy 
Beach,  Office  of  Special  Pesticide  Re¬ 
views  (WH-566).  EPA,  Rm.  447,  East 
Tower.  401  M  St.  SW..  Washington,  D.C. 
20460,  202-755-8050. 

n.  Presumptions 

A.  Acute  toxicity:  Hazard  to  uHldlife, 
aquatic  species.  40  CFR  162.11(a)  (3)  (i) 
(B)  (3)  provides  that  a  rebuttable  pre¬ 
sumption  shall  arise  if  a  pesticide 
“(r)  esults  in  a  maximum  calculated  con¬ 
centration  following  direct  application 
to  a  6-inch  layer  of  water  more  than  Vi 
the  acute  LCs.>  for  aquatic  organisms  rep¬ 
resentative  of  the  organisms  likely  to  be 
exposed  as  measured  on  test  animals 
specified  in  the  Registration  Guidelines.” 

On  the  basis  of  scientific  studies  and 
information  summarized  in  the  Position 
Document,  the  Agency  has  concluded 
that  this  risk  index  has  been  exceeded 
by  all  registrations  and  applications  for 
registration  of  pesticide  products  con¬ 
taining  maneb  and  zineb  for  use  on  cran¬ 
berries,  and  that  a  rebuttable  presump¬ 
tion  against  new  or  continued  registra¬ 
tion  of  such  products  has  therefore 
arisen. 

B.  Oncogenicity,  40  CFR  162.11(a)(3) 
(ii)(A)  provides  that  a  rebuttable  pre¬ 
sumption  shall  arise  if  a  pesticide  “(i)n- 
duces  oncogenic  effects  in  experimental 
mammalian  species  or  in  man  as  a  result 
of  oral,  inhalation,  or  dermal  exposure 
•  •  As  a  further  clarification  of  the 
provision,  the  preamble  to  the  Agency’s 
Interim  Procedures  and  Guidelines  for 
Health  Risk  and  Econmnic  Impact  As¬ 
sessment  of  Suspected  Carcinogens  (May 
25,  1976;  41  FR  21402)  states  that  “a 
substance  will  be  considered  a  presump¬ 
tive  cancer  risk  when  it  causes  a  statis- 
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tically  significant  excess  incidence  of  be¬ 
nign  or  malignant  tumors  in  humans  or 
animsds.” 

On  the  basis  of  scientific  studies  and 
information  summarized  in  the  Position 
Document,  the  Agency  has  concluded 
that  this  risk  index  has  been  exceeded  by 
all  registrations  and  applications  for  reg¬ 
istration  of  pesticide  products  contain¬ 
ing  EBDCs.  and  that  a  rebuttable  pre¬ 
sumption  against  new  or  continued  reg¬ 
istration  of  such  products  has  therefore 
arisen. 

C.  Other  chronic  or  delayed  toxic  ef~ 
fects.  40  CPR  162.11(a)  (3)  (ii)(B)  pro¬ 
vides  that  a  rebuttable  presumption  shall 
arise  if  a  pesticide  "(p) reduces  any 
other  chronic  or  delayed  toxic  effect  in 
test  animals  at  any  dosage  up  to  a  level, 
as  determined  by  the  Administrator, 
which  is  substantially  higher  than  that 
to  which  humans  can  reasonably  be  an¬ 
ticipated  to  be  exposed,  taking  into  ac¬ 
count  ample  margins  of  safety  •  * 

On  the  basis  of  scientific  studies  and 
information  summarized  in  the  Position 
Document,  the  Agency  has  concluded 
that  the  risk  index  for  teratogenicity 
has  been  exceeded  by  all  registrations 
and  applications  for  registration  of  pes¬ 
ticide  products  containing  EBDC’s,  and 
that  a  rebuttable  presumption  against 
new  or  continued  registration  of  such 
products  has  therefore  arisen. 

m.  Grounds  for  Pesticide  Review  in 

Addition  to  Rebuttable  Presumption 

Criteria 

A.  General.  In  addition  to  the  risk  cri¬ 
teria  set  forth  in  40  CFR  162.11(a)(3) 
which  require  the  issurance  of  a  notice 
of  rebuttable  presumption  against  regis¬ 
tration  or  continued  registration  and  a 
determination  by  the  Administrator  to 
register  or  cancel  a  pesticide,  40  CJPR 
162.11(a)  (6)  provides  that  the  Adminis¬ 
trator  may  determine  that  a  pesticide 
should  be  cancelled  or  that  a  hearing 
should  be  held  if  the  pesticide  poses  a 
substantial  question  of  safety  to  man 
or  the  environment  “based  on  toxicologi¬ 
cal  data,  epidemiological  studies,  use  his¬ 
tory,  accident  data,  monitoring  data,  or 
such  other  evidence  as  is  available  to  the 
Administrator." 

A  determination  to  cancel  or  deny 
registration  of  a  pesticide  or  to  hold  a 
hearing  based  upon  such  data  and  a 
finding  that  a  pesticide  poses  a  substan¬ 
tial  question  of  safety  need  not  be  pre¬ 
ceded  by  public  notice  and  opportunity 
for  rebuttal  prior  to  the  administrative 
adjudicatory  hearing  procedure  of  Sec¬ 
tion  6(b)  of  the  Act.  However,  where  the 
Agency  is  using  a  notice  of  rebuttable 
presumption  against  registration  or  con¬ 
tinued  registration  based  on  the  risk  cri¬ 
teria  of  40  CPR  162.11(a)  (3),  it  is  in  the 
public  interest  to  include  all  evidence 
which  may  indicate  additional  grounds 
for  determining  that  a  pesticide  causes 
unreasonable  adverse  effects  on  the  en¬ 
vironment.  Accordingly,  evidence  derived 
from  studies  on  EBDC  and  the  degrada¬ 
tion  product  ethylenethiourea  (ETU) 
suggests  that  EBDC’s  and  ETU  cause 
thyroid  disfunction  in  rodents;  skin 
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sensitization  in  humans  and  rodents; 
and  mutagenic  effects  in  humans,  ro¬ 
dents,  and  bacteria.  The  studies  in  which 
these  effects  have  been  observed  are  de¬ 
scribed  in  the  Position  Document.  Be¬ 
cause  these  effects  are  of  concern  to 
the  Agency,  it  is  soliciting  relevant  in¬ 
formation  or  comment  on  them. 

rv.  Registrations  and  Products  Subject 

to  the  Notice  Claim  or  Business  Con¬ 
fidentiality 

All  registrants  and  applicants  for  reg¬ 
istration  listed  below  are  being  notified 
by  certified  mall  of  the  rebuttable  pre¬ 
sumption  existnig  against  registration 
and  continued  registration  of  their  prod¬ 
ucts. 

The  registrants  and  applicants  for 
registration  shall  have  45  days  from 
the  date  this  notice  is  sent  or  until 
October  24.  1977,  to  submit  evidence  in 
rebuttal  of  the  presumption.  However, 
the  Administrator  may,  for  good  cause 
shown,  grant  an  additional  60  days  dur¬ 
ing  which  such  evidence  may  be  sub¬ 
mitted.  Notice  of  any  extension,  if  grant¬ 
ed.  will  appear  in  the  Federal  Register. 

A  registrant  or  applicant  for  registra¬ 
tion  may.  if  it  desires,  assert  a  business 
confidentiality  claim  covering  part  or 
all  of  the  information  submitted  in  re¬ 
buttal.  The  registrant  or  applicant  may 
assert  the  claim  by  placing  on  or  at¬ 
taching  to  the  Information  a  cover  sheet, 
stamued  or  typed  legend,  or  other  suit¬ 
able  form  of  notice  employing  language 
such  as  “trade  secret,”  “prourletary,”  or 
"comuany  confidential.”  Allegedly  con¬ 
fidential  portions  of  otherwise  noncon- 
fldentlal  documents  should  be  clearly 
marked. 

If  a  confidentiality  claim  is  asserted, 
the  information  covered  by  the  claim  will 
be  disclosed  by  EPA  only  to  the  extent 
and  by  means  of  the  procedures  set  forth 
in  40  CPR  Part  2.  Subnart  B  (41  PR 
36906.  September  1,  1976).  If  no  confi¬ 
dentiality  claim  accompanies  the  infor¬ 
mation  at  the  time  it  is  received  by  EIPA. 
EPA  will  place  the  information  in  the 
nubile  comment  file  where  it  will  be 
available  for  nubile  inspection. 

If  a  registrant  or  applicant  does  assert 
a  confidentiality  claim  for  some,  but  not 
all.  of  the  information  submitted  to  EPA 
in  rebuttal,  the  registrant  or  applicant 
should  furnish  two  copies  of  the  infor¬ 
mation  to  EPA.  The  first  copy  should 
contain  all  of  the  information  submitted 
in  rebuttal  with  information  claimed  as 
confidential  clearly  identified.  The  sec¬ 
ond  copy  should  be  identical  to  the  first 
excent  that  all  information  claimed  as 
confidential  should  be  deleted.  The  sec¬ 
ond  copy  will  be  placed  in  the  public 
comment  file.  The  first  copy  will  be 
treated  in  accordance  with  (he  proce¬ 
dures  set  out  above. 

V.  Duty  TO  Submit  Information  ON 
Adverse  Effects 

Registrants  are  required  by  law  to  sub¬ 
mit  to  EPA  any  additional  information 
regarding  any  adverse  effects  on  man  or 
the  environment  which  comes  to  a  regis¬ 
trant’s  attention  at  any  time,  pursuant 
to  Section  6(a)  (2)  of  PIFRA  and  40  (TPR 
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162.8(d).  If  any  registrant  of  EBDC 
products  has  any  published  or  impub- 
lished  information,  studies,  reports, 
analyses,  or  reanalyses  regarding  any 
adverse  effects  in  animal  species  or  hu¬ 
mans,  residues,  and  claimed  or  verified 
accidents  to  humans,  domestic  animals, 
or  wildlife,  which  have  not  been  previ¬ 
ously  submitted  to  EPA,  the  material 
must  be  submitted  imm^iately.  When 
responding  to  this  notice,  each  registrant 
shall  submit  a  written  certification  to  the 
Agency  that  all  information  regarding 
any  adverse  effects  known  to  the  regis¬ 
trant  has  been  submitted.  In  addition, 
the  registrants  should  notify  EPA  of  any 
studies  currently  in  progress,  including 
the  purpose  of  the  study,  the  protocol, 
the  approximate  completion  date,  and  a 
summary  of  all  results  observed  to  date. 

IV.  Public  Comments 

During  the  time  allowed  for  submis¬ 
sion  of  rebuttal  evidence,  specific  com¬ 
ments  on  the  presumptions  set  forth  in 
this  notice  and  on  the  material  con¬ 
tained  in  the  Position  Document  are  so¬ 
licited  from  the  public.  In  particular,  any 
documented  episodes  of  adverse  effects 
to  humans,  domestic  animals,  or  wild¬ 
life,  and  information  as  to  any  labora¬ 
tory  studies  in  progress  or  completed, 
are  requested  to  be  submitted  to  EPA  as 
soon  as  possible.  Specifically,  informa¬ 
tion  on  the  fate  and  effects  of  EBDC’s,  its 
impimities,  metabolites,  and  degradation 
products  on  flora  and  fauna,  particu¬ 
larly  animals  with  metabolism  similar  to 
that  in  humans,  is  solicited.  Similarly, 
any  studies  or  comments  on  the  benefits 
from  the  use  of  EBDC’s  are  requested 
to  be  submitted.  All  comments  and  infor¬ 
mation  received,  as  well  as  any  other  rel¬ 
evant  information  and  analysis  thereof, 
which  come  to  the  attention  of  the 
Agency  may  serve  as  a  basis  for  final 
determination  pursuant  to  §  162.11(a) 
(5). 

All  comments  and  information  should 
be  sent  to; 

Federal  Register  Section.  Technical  Services 

Division  (WH-569),  room  401  East  Tower, 

401  M  St.  SW.,  Washington,  D.C.  20460. 

Three  copies  of  the  comments  or  infor¬ 
mation  should  be  submitted  to  facilitate 
the  work  of  the  Agency  and  others  inter¬ 
ested  in  inspecting  them.  ’The  comments 
and  information  should  bear  the  identi¬ 
fying  notation  “OPP-30000/18.”  Ctmi- 
ments  and  information  received  within 
the  specified  time  limit  shaU  be  consid¬ 
ered  before  it  is  determined  whether  a 
notice  shall  be  Issued  in  accordance  with 
40  CPR  162.11(a)  (5)  (U). 

Comments  received  after  the  specified 
time  period  will  be  considered  only  to  the 
extent  feasible,  consistent  with  the  time 
limits  imposed  by  40  CFR  162.11(a)(5) 
(ii) .  All  written  comments  and  informa¬ 
tion  filed  pursuant  to  this  notice  will  be 
available  for  public  inspection  in  the 
ofBce  of  the  Federal  Roister  Section 
from  8:30  a.m.  to  4  p.m.  during  normal 
working  days. 

Interested  persons  are  encouraged  to 
take  advantage  of  the  opportunity  to  in¬ 
spect  Agency  files  during  normal  work- 
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ing  hours  since:  (1)  all  of  the  informa¬ 
tion  received  may  serve  as  a  basis  for 
final  determination  pursuant  to  §  162.11 
(a)  (5) ,  and  (2)  the  Agency  will  not  gen¬ 
erally  publish  a  summary  of  information 
received  in  the  Federal  Register  at  the 
close  of  the  rebuttal  period. 

Your  cooperation  is  solicited  in  identi¬ 
fying  any  errors  or  omissions  which  may 
have  been  made  in  the  following  com¬ 
puter  listings.  Corrections  to  the  listings 
may  not  necessarily  be  published  in  the 
Federal  Register,  but  rather  handled  by 
mail  with  affected  parties.  Omissions 
will  be  corrected  by  notice  in  the  Federal 
Register. 

Dated:  August  2,  1977. 

Edwin  L.  Johnson, 

Deputy  Assistant  Administrator, 
for  Pesticide  Programs. 
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The  ethyleneblsdlthlocarbamates  (EBDC’s) 
are  a  subgroup  of  a  large  group  of  organosul- 
fur  compounds,  the  dithiocarbamates.  Com¬ 


plexes  of  metals  with  EBDC’s  constitute  the 
most  important  agricultural  fungicides  in 
current  use.  Six  EBDC's  have  registered 
fungicidal  uses  in  the  United  States:  Amo- 
bam®,  nabam,  and  four  metal  complexes — 
metlram,  mancozeb,  maneb,  and  zineb. 

I.  BACKGROUND 

A.  Nomenclature.  Table  I  gives  those  names 
(common  and  chemical)  accepted  for  use 
in  the  ingredient  statement  on  pesticide 
products  as  required  by  FIFRA  regulations 
(f).  The  trade  names  and  the  (Chemical  Ab¬ 
stracts  Service  (CAS)  names  and  registry 
numbers  are  also  tabulated.  Because  no  com¬ 
mon  name  has  been  iqiproved  for  Amobam®, 
this  trade  name  will  be  used  in  this  docu¬ 
ment. 

B.  Chemical  and  physical  properties.  Table 
2  presents  the  chemical  structure,  molecular 
formula,  molecular  weight,  solubility,  and 
other  physical  and  chemical  properties  asso¬ 
ciated  with  each  EBDC. 


Table  1. — EBDC  nomenrlafure 


Common 

name 


Label  chemical  name  Trade  name(s) 


CAS  name 


CAS  No 


r  None . Diammoniiim  EBDC.  Amobam® _ Carbamodithioic  acid,  I,  2-ethanediyibis-,  3500-10-7 

diammonium  salt. 

2.  Manco-  (>) .  Dithane®  M-4S.  ([1,2-ethanediylbis  (carbamodithioato]]  (2-)]  8018-01-7 

teb  ' .  Manzate®  200. . .  manxanese  mixture  with  ( il,2-ethanraiyibis 

(carbamodithioatol)  (2-)]  zinc. 

3.  Maneb _ Manganese  EBDC _ Manzate® .  [|1.2-ethanediylbis  (carbamodithioato]]  (2-)]  12427-38-2 

Dithane®  M-22.  manganese. 

4  Nabam _ Disodium  EBDC . Parzate® . Disodium  1,2-ethanediylbis  [carbamodithio-  142-50-0 

Dithane®  D-14.  ate]. 

5.  Metiram*.  (*) .  Polyram® . Metiram .  9000-42-2 

0.  Zineb . Zinc  EBDC . . Dithane®  Z-78  .  ((1.2-ethanediylbi8  [carbamodithioato]]  (2-)]  121^-07-7 

zinc. 

■  Recognized  in  Europe  but  not  yet  established  in  the  United  States.  These  names  will  be  used  in  this  document 
for  convenience. 

>  Zinc  ion  and  manganese  ethylene  bisdithiocarbamate  80  percent,  a  coordination  product  of  manganese  10  percent, 
zinc  2  percent,  ethylene  bisdithiocarbamate  02  percent. 

*  Mixture  of  5.2  parts  by  weight  (89.9  percent)  of  ammoniates  of  (ethylenebis(dithiocarbamato)]  zinc  with  1  part  by 
weight  (10.1  percent)  ethylenebisldithiocarbamic  acid],  bimolecular  and  trimolecular  cyclic  anhydrosulfioes  and 
diiiulfides. 


Table  2. — Chemical  and  physical  properties  of  EBDC's 


Chemical  structure  Molecular  formula  Molecular  Physical  properties  Solubility- 

weight 


Amobam* 


CH]NHCSSNH« 

J. 

CHiNHCSSNHi 


C,H,4N«S4 


246.21  Unstable  as  dry  material;  aqueous  Soluble  in  water;  slightly  soluble  in 
solutions  pale  yellow  to  green;  melt-  alcohol  and  acetone;  insoluble  in 
ing  point  72.5”  to  72.8”C  (2).  ben-  and  heptane  (2). 


Mancozeb 


LI 


s 

NHCHiCHjNH^IlS.Mn. 


1 


(Zn)y 


(>)  (*)  Greyish-yellow  powder  which  decom-  Practically  insoluble  in  water  and  in 

poses  before  melting;  flash  point  most  organic  solvents  (3). 

188“C  (3). 


Maneb: 

(a)  Monomer 

HN-CHr-CHr-NH 

1  1 

C4H4NiS4Mn 

265.3 

Yellow  crystalline  solid  which  decom¬ 
poses  b^ore  melting  and  on  expo¬ 
sure  to  moisture  or  to  acids  (3). 

Slightly  soluble  in  water  and  insoluble 
in  most  organic  solvents  (3). 

S  8 

- 

(b)  pol}rmer(s) 

r— S  C  NHCHiCHiNH  C-S-Mn  T 

[  1  s  1 

(C4H4MnN|84)x 

(*) 

Light-colored  solid  which  decomposes 
before  melting  and  on  exposure  to 
moisture  or  acids  (3). 

Similar  to  monomer. 

Metiram 

r  S  H  H  8  *1 

Ls— ii— N— CHj-CHj-N— (!:— B-J  Zn(NHi)n+  + 

(') 

(•) 

Light-yellow  solid  which  melts  above 
120°C  with  decomposition;  unstable 
under  strongly  acid  or  alkaline  con¬ 
ditions  or  a  combination  of  heat  and 
moisture  (4). 

Practically  insoluble  in  water  and  in 
most  organic  solvents;  soluble  with 
decomposition  in  pyridine  (Martin, 
1974). 
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Chemical  structure 


Molecular  formula  Molecular  I’hysical  properties 

weight 


Solubility 


where  n-1  or  2 


where  the  sum  of  x+y=2  or  3 


Nabam 

8 

CHjNII.i!:SN8 

ilHjNII.CSNa 

II 

s 

Zineb: 

(a)  Monomer 

lIN-CHt-CII.— Nil 

Is  8  1 

C«H.NsNajS< 

2S6  Colorless  crystals  of  limited  stability; 
generally  marketed  in  solution  (3). 

Soluble  in  water  (20  pet)  to  fo 
solution  (3). 

rilljN.-SjZn 

275. 8  Off-white  solid  which  decomposes  be¬ 
fore  melting;  negligible  vapor  pres¬ 
sure  at  2S°C;  somewhat  unstable  to 
light,  heat,  and  moisture  (3,  6). 

Practically  insoluble  in  wati 
at  2S°C)  but  soluble  in 
chloroform,  and  carbon 
(3.  5). 

=%!  /"  \  / 

8  S 

, 

(b)  Polymcr(s) 

|S. C8.NlI.CIIjCIIsNlI.es. 8.  Znl. 

(C«HiNiS«Zn). 

(>)  Light-colored  powder  produced  when 

precipitated  from  concentrated  atjue- 
ous  solutions  of  Amol>am*  or 
nabam  with  zinc  sulfate  (3,  7). 

Similar  to  monomer. 

■  Variable  (see  tabic  1). 


The  chemistry  of  the  EBDC’s  is  compli¬ 
cated  by  their  instability  and  their  propen¬ 
sity  to  form  polymers,  especially  in  the  pres¬ 
ence  of  certain  ublqiutous  metallic  ions. 
They  are  subject  to  a  manifold  degradation 
which  begins  with  production  and  continues 
with  storage  and  application  (A).  Important 
factors  influencing  chemical  degradation  are 
presence  of  oxygen,  humidity,  temperature, 
and  pH  (8).  A  number  of  common  degrada¬ 
tion  products  have  been  Identlfled;  the 
names,  chemical  structures,  and  other  infor¬ 
mation  are  presented  in  Table  3  for  the  major 
ones.  While  all  of  these  and  other  degrada¬ 
tion  products  can  result  from  EBDC  degrada¬ 
tion,  the  relative  proportions  of  them  do  ap¬ 
pear  to  be  different  for  the  individual  EBDC’s. 
Ethylenethlourea  (ETU)  appears  to  be  the 


*  Indefliiitc. 

dominant  degradation  product  of  zlneb, 
whereas  nabam  and  maneb  yield  a  larger 
proportion  of  ethylenebisdllsothlocyanato 
sulflde  (EBIS)  (8). 

ETU  has  been  detected  in  28  different  com¬ 
mercial  formulations  containing  maneb. 
zlneb,  or  mancozeb  (9).  The  amount  of  ETTU 
in  commercial  formulations  has  been  shown 
to  Increase  with  storage  under  controlled 
laboratory  conditions  of  elevated  tempera¬ 
ture  and  humidity.  Formation  of  ETU  ap¬ 
peared  to  be  greatest  in  maneb  formula¬ 
tions;  amounts  ranged  up  to  14.5  percent 
after  39  days  of  storage.  Formulations  of 
zineb  and  mancozeb  developed  as  much  as 
10  percent  ETU  over  the  39-day  storage 
period  (iO). 


Tabi.k  3. — EHDC  lUgmdatiftn  pntductu 


Molec- 

Namc  and  chemical  .Molecular  ular 

structure  formula  weight 


CAS  name  CAS 

number 


Physical/chemical 

properties 


Ethylene  thiourea  CjHtNiS 
(ETU). 

CHj— Nil 

I  '^C=S 

CHr-N^I 


102.2  2-imidazolldinethione... 


98-45-7  White  crystals  melting  at 
203”  to  20t°C:  soluble  in 
water;  insoluble  in 
acetone,  ether,  chloro¬ 
form,  and  benzene  (11). 


Ethylenebis-diisothio-  CilhNjSt  17S.3  3H-imldazo  |2,l-c]-l,2  33813-20-8  White  powder  that  melts 

cyanato  sulfide  4-dithiasole-3-thione,  at  121°  to  124°C. 

(EBIS)  5,8-dlhydro. 

CH*-N - C=8 


Ethylenethluram  disul-  CiII(N}S« 
fide  (ETD) 

S 

CHr-NH-^— 8 
(flHj-NH-C— 8 

i 


210  3  1.2.4.7-Dithiadlasocine- 

3A-dithione.  tetra-  3082-38-0 
hydro. 
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Ethylnnethiurain  mono-  C4HiN;S] 
sulflde  (ETM). 


CHi 


;h»-nh-c 


1  33813-20-# 


>  Chemical  abstracts  service  assigns  the  same  registry  number  to  ETM  and  EBIS  because  the  chemical  structure 
for  what  had  been  referred  to  as  ET.M  was  shown  in  1971  to  be  actually  that  of  EBIS  (12)« 


In  1973,  Canadian  scientists  reported  that 
boiling  converts  zineb  on  food  to  ETU. 
Amounts  of  ETC  in  the  cooked  foods  were 
from  five  to  fifteen  times  greater  than  those 
in  the  uncooked  samples  (13).  In  other 
studies,  the  application  of  heat  (100°C)  for 
10  minutes  degraded  mancozeb,  maneb,  and 
zineb  suspensions  in  a  mixture  of  dioxane 
and  water  primarily  to  ETU  (14).  American 
scientists  corroborated  these  findings  and 
showed  that  the  percentage  of  EHTT  formed 
(on  a  weight/weight  basis  of  ETU/EBDC) 
upon  cooking  spinach,  carrots,  and  potatoes 
fortified  with  EBDC's  ranged  from  11.2  per¬ 
cent  for  maneb  in  potatoes  to  26.5  percent 
for  metiram  in  spinach.  (i5). 

Result  of  a  1974  collaborative  analytical 
study  designed  by  USDA  and  EPA  and  In¬ 
cluding  severed  government  and  Industry 
laboratories  clearly  showed  that  snap  beans 
treated  with  maneb  under  commercial  con¬ 
ditions  contained  EITU  after  commercial  can¬ 
ning  (16). 

A  monitoring  program  initiated  in  1972 
by  the  Canadian  government  and  published 
in  1975  found  that  33  percent  of  food  sam¬ 
ples  contained  detectable  ETU  residues  (17). 
In  particular,  samples  of  canned  spinach 
and  orange  peels  had  averages  of  0.047  ppm 
and  0.083  ppm  ETPU,  respectively. 

In  Canadian  field  tests  on  tomatoes,  24 
to  37  percent  of  the  initial  EBDC  residue 
remained  on  the  tomatoes  14  days  after 
application  (18).  When  these  tomatoes  were 
heated,  38  to  48  percent  of  the  EBDC  residue 
was  converted  to  ETU.  Residues  of  ETU  meas¬ 
ured  after  cooking  ranged  from  0.006  to  1.42 
ppm. 

A  recent  study  (19)  on  the  effects  of  com¬ 
mercial  food  processing  on  residues  of  EBDC's 
and  ETU  appears  to  support  the  finding  that 
during  commercial  processing,  as  well  as 
home  cooking,  EBDC  residues  in  food  are 
converted  to  ETTU  causing  a  subsequent  In¬ 
crease  in  ETU  residues.  This  study  is  cur¬ 
rently  being  reviewed  by  EPA  chemists. 

C.  Analytical  methodology.  From  the  es¬ 
tablishment  of  the  first  EBDC  tolerances  for 
zineb  in  1955,  the  official  analytical  method¬ 
ology  used  by  the  Food  and  Drug  Adminis¬ 
tration  (FDA)  for  the  analysis  of  EBDC 
residues  on  food  has  been  a  nonspecific 
method  based  on  the  colorimetric  determi¬ 
nation  of  a  yellow  complex  formed  by  reac¬ 
tion  of  evolved  carbon  disulfide  (CS:)  with 
a  reagent  after  acid  hydrolysis  of  the  sample 
(20).  Because  the  method  is  incapable  of  dis¬ 
tinguishing  between  residues  of  individual 
ESDC's,  all  EBDC  tolerances  are  established 
for  residues  calculated  as  zineb. 

A  further  limitation  of  the  method  is  its 
inability  to  distinguish  EB£>C  residues  from 
those  of  another  major  subgroup  of  dlthlo- 
carbamate  fungicides,  the  dimethyldlthlo- 
carbamates  (ferbam  and  zlram).  Refinements 
of  this  basic  methodology  have  been  reported, 
but  no  official  methodology  exists  today  that 


will  separate  and  measure  residues  of  indi¬ 
vidual  EBDC's  on  crops. 

Analytical  methodology  for  ETU  has  been 
more  actively  developed  because  of  concern 
about  its  presence  in  food.  The  FDA  method¬ 
ology  for  EBDC  residues  does  not  detect  ETU 
since  ETU  cannot  evolve  CS ,.  Several  reports 
have  appeared  describing  ETU  anal^lcal 
methods,  all  of  which  are  refinements  of  a 
basic  gas-liquid  chromatographic  (GLC) 
technique  first  reported  by  EPA  chemists  in 
1971  (21).  There  was  no  official  ETU  method 
as  used  by  FDA  until  June  14,  1977,  when 
the  GLC  method,  refined  by  EPA  chemists 
(22),  was  approved  for  “Interim  first  action” 
status  by  the  Association  of  Official  Analytical 
Chemists  ( AOAC) .  (This  action  is  expected  to 
be  followed  by  AOAC  adoption  to  “official 
first  action"  status  in  October,  1977,) 

Nine  laboratories  have  tested  the  EPA 
method,  which  can  detect  as  little  as  0.004 
ppm  ETU,  and  have  reported  recovery  of  85 
to  97  percent  ETU  from  fortified  foods  (23). 
It  is  now  the  official  method  for  use  by  FDA 
in  surveillance  and  compliance  programs. 

D.  Manufacturing  process,  technical  prod¬ 
ucts,  and  formulations.  The  method 
“thought  to  be  used”  for  the  commercial 
production  of  zineb  is  reaction  of  ethylenedl- 
amine  (EDA)  with  CS,  in  the  presence  of 
alkali  followed  by  precipitation  of  zineb  with 
addition  of  zinc  sulfate  (24).  Zineb  can  also 
be  made,  as  is  often  done  in  the  field,  by  mix¬ 
ing  nabam  or  Amobam  ®  with  zinc  sulfate 
(24).  The  preparation  of  maneb  is  analogous 
to  that  of  zineb  except  that  mangemese  sul¬ 
fate  is  used  in  place  of  zinc  sulfate  for  its 
precipitation  (25).  Mancozeb  can  be  prepared 
from  an  aqueous  slurry  of  maneb  and  a 
water-soluble  zinc  salt  (26).  Amobam  ®  and 
nabam  are  also  made  by  reaction  of  EDA  and 
CS ,  in  the  presence  of  either  NH ,  to  yield 
the  dlammonlum  EBDC  or  NaOH  to  yield  the 
dlsodium  EBDC  (7).  Metiram  is  made  by 
reaction  of  EDA  and  CS,  in  the  presence  of 
zinc  oxide  and  hydrogen  peroxide  (H,0,)  or 
by  oxidation  of  an  aqueous  solution  of  nabam 
with  H,0,  followed  by  precipitation  with 
zinc  sulfate  (7) . 

Formulations  with  the  indlvllual  EBDC's 
as  the  sole  active  Ingredient  include  dusts, 
wettable  powders,  concentrates  (solid,  solu¬ 
tion,  and  suspension),  and  other  types 
(Tables  5). 

In  addition  to  the  formulated  products 
which  contain  EDCC's  alone  as  active  in¬ 
gredients,  there  are  numerous  products  in 
which  they  are  mixed  with  other  active  in¬ 
gredients  such  as  ferbam,  thiram,  zlram,  en- 
dosulfan,  carbaryl,  rotenone,  parathion, 
lindane,  methoxychlor,  captan,  toxaphene, 
malathlon,  pentachloronltrobenzene,  sulfur, 
str^tompein  sulfate,  pyrethrlns,  copper, 
methompyl,  and  others. 

Table  5  gives  number  of  Federal  and  State 
registrations  for  each  EBDC. 
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Table  4. — Formulations  with  EBDC's  as  sole  actire  ingredient.  All  numbers  are 
expressed  as  perrentages 


Dust  Wet-  Conrentntes 

EBDC  ■  t&ble  —  '  Other 

Ready  Sprayed  powders  Solid  Solution  Suspension 
to  use 


Amobam^). 


Manrozeb .  a  06-^  5.0-80 

Maneb .  1.4-50  80 

Metiram . 3.5-53.5 . 

Nabam . 

ZIneb .  5-19.5 . 


.  42-48  . . 

80  80  80  . 

40-90  40-80  37-42.5  25-80 

80  80  . 

.  22-93  22  . 

(')  75  75  25 


3.75  (fertiliser  containing  pesticides) 

35  (granular  pellets). 

1.9-10  (fertiliser  containing  pesticides). 
1.4  (dust,  pressurised). 

3.2  (coating  for  inanimate  stirf^s). 

7  (nonaqueous  solutions,  used  undi¬ 
luted). 

22  (aqueous  solution,  used  undiluted). 
0.5  (granular  pellets). 


■  Generally  75. 

Table  5. — EBDC  registrations 


EBDC 

Registrations 

Federal  Stale 

Amobam® . 

.  2 

0 

Manrozeb . 

.•H 

Maneb . 

.  217 

rm 

Metiram . 

.  .51 

2 

Nabam . 

.  48 

1 

Zineb . 

.  268 

87 

E.  Production.  Production  data  are  con¬ 
fidential  Information  under  Section  7(c) 
and  10  of  the  Federal  Insecticide.  Fungicide, 
and  Rodenticlde  Act  (FIFRA)  and  are  there¬ 
fore  prepared  for  EPA  use  only  (27).  The 
last  published  production  data  fm*  sineb  and 
nabam  were  1,125,000  kg  (2,500,000  pounds) 
and  872,000  kg  (1,900,000  pounds),  respec¬ 
tively,  and  1969  In  the  D.S.  (28).  Fl^uction 
dota  for  Amobam  (g)  were  not  published  for 


that  year.  Production  of  maneb  In  1972  was 
estimated  at  5.5  million  kilograms  (12.1(X>,000 
pounds)  with  exports  of  2  million  kilograms 
(4.4(X).0(X)  pounds)  (29). 

F.  Registered  uses.  Table  6  shows  the  reg¬ 
istered  uses  for  each  EBDC. 

O.  Human  and  environmental  exposure. — 
1.  Food.  From  1964  to  1970.  the  dlthlocarba- 
mates  were  included  In  the  Food  and  Drug 
Administration’s  (PDA)  ‘Total  Diet  Pro¬ 
gram”  which  analyzes  pesticide  residues  In 
composite  food  samples  collected  from  re¬ 
tail  stores  and  prepared  for  consumption. 
During  these  years  very  few  samples  were 
found  with  dlthlocarbamate  residues.  Begin¬ 
ning  in  October  1970,  dlthlocarbamate  anal¬ 
yses  were  discontinued,  the  suggested  ra¬ 
tionale  for  this  decision  being  that  “dithio- 
carbamates  are  not  considered  as  being  reg¬ 
ular  components  of  the  dietary  intake  of 
pesticide  residues  because  of  the  continued 
low  Incidence  and  levels”  (30). 


Table  6. — itegistered  uses  of  BDC  fungicides  by  site 


EBDC  Food  Other 


Amobam®.  Over  20  fruit,  nut,  vegetable,  and  field  crops .  Some  ornamental  plants. 

Mancozeb..  Over  25  agricultural  fruit,  vegetable,  and  field  Agricultural  ornamentals, 
crops  and  many  seeds. 

Maneb . Over  40  fruit,  vegetable,  and  field  crops  and  many  Do. 

seeds. 

Metiram...  Over  10  fruit,  vegetable,  and  field  crops,  and  Do. 
several  seeds. 

Nabam _ Over  35  fruit,  vegetable,  and  field  crops . Industrial  recirculating  water  cooling  towers,  air 

washers,  evaporative  condensers,  pulp  and  paper- 
mills,  and  cane  sugar  mills:  and  leather,  tobaixo. 
agricultural  ornamentals,  and  cotton. 

Zineb . Over  SO  fruit,  vegetable,  and  field  crops  and  many  Paints,  fhbiics,  leather,  linen  and  other  surface.s 

seeds.  (painted,  paper,  plastic,  wood),  and  tobacco  and 

many  agricultural  ornamentals. 


Because  the  FDA  analytical  procedure  for 
dlthiocarbamates  has  serious  limitations,  re¬ 
sults  of  the  "Total  Diet  Program”  analyses 
cannot  be  considered  a  realistic  measure  of 
human  exposure  to  EBDC’s  or  ETU.  ’These 
limitations  are;  1.  ’The  analytical  method  did 
not  distinguish  EBDC's  from  other  dlthiocar¬ 
bamates.  2.  No  correction  was  made  for  re¬ 
coveries.  yet  recovery  experiments  indicated 
that  for  dlthlocarbamate  residues  recovery 
could  be  as  low  as  36  percent  (Jf).  3.  Until 
June  1968,  commodities  In  those  food  cate¬ 
gories  that  had  dlthlocarbamate  residues 
were  cooked  before  analysis,  and  cooking  de¬ 
stroys  part  or  all  of  the  EBDC  residues.  4. 
The  method  did  not  detect  ETU. 

A  second  FDA  program,  which  examines 
samples  of  raw  agricultural  commodities  for 
wholesale  distribution,  probably  obtains  re¬ 
sults  more  reflective  of  the  actual  EBDC 
residues  because  no  residues  are  lost  in 
cooking.  ’The  few  data  obtained  in  this  pro¬ 
gram  indicate  that  dlthlocarbamate  resi¬ 
dues  are  greater  than  those  measured  in  the 
total  diet  program.  Notably  high  residues 
were  found  In  leaf  and  stem  vegetables,  the 


highest  (23  ppm)  having  been  measured  In  a 
spinach  sample  collected  In  Texas  In  1972. 
Although  residues  showed  up  primarily  In 
leaf  and  stem  vegetables.  3.6  ppm  was  meas¬ 
ured  for  one  large  fruit  sample  collected 
during  1967-1968  (J2). 

2.  Episodes.  A  review  of  Incidents  involving 
EBDC’s  that  have  been  reported  to  EPA’s 
Pesticide  Episode  Response  System  (PERS) 
since  1972  revealed  only  two  episodes  which 
were  directly  related  to  an  EBDC  product 
and  In  which  the  EBDC  was  the  sole  active 
Ingredient.  Both  episodes  Involved  crashes 
of  aerial  applicators  spraying  mancozeb.  No 
adverse  effects  on  human,  plants,  or  animals 
were  reported  In  these  two  incidents.  Several 
cases  of  skin  or  eye  irritation  were  reported 
In  workers  In  greenhouses  or  plant  nurseries, 
but  In  none  of  these  cases  were  the  Inert 
Ingredients  (solvents,  etc.)  identified  nor 
was  the  involvement  of  the  EBDC  alone  veri¬ 
fied.  It  cannot  therefore  be  concluded  that 
this  Irritation  was  caused  by  the  EBDC's. 

Contact  dermatitis  has  been  reported  In  86 
farm  workers  who  worked  In  fields  sprayed 
with  0.5  Percent  suspension  of  zineb.  In  19  of 
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22  workers  who  had  repeated  contacts  with 
zineb,  the  developing  dermatitis  was  exten¬ 
sive  and  severe  (33) . 

n.  XKCULATOKT  HISTORT 

The  United  States  established  the  first 
tcrierances  for  pesticides  under  Section  408 
of  the  Food,  Drug  and  Cosmetic  Act  In  1955 
after  public  hearings  conducted  by  the  Food 
and  Drug  Administration.  Zineb  was  the  only 
EBDC  fungicide  for  which  tolerances  were 
set.  Tolerances  of  7  ppm  of  zineb  on  ’’fruits 
and  vegetables”  were  established  on  “very 
little  data  showing  residues  from  actual  com¬ 
mercial  use”  and  with  the  knowledge  that 
oral  administration  of  zineb  to  male  and 
female  weanling  rats  at  5  and  2,000  ppm  for 
10  dain  produced  thyroid  hyperplasia  at  the 
high  dosage  but  not  at  the  low  one.  Studies 
published  In  1948  had  reported  definite 
goitrogenic  effects  associated  with  otrI  ad¬ 
ministration  of  1,000  ppm  of  another  EBDC. 
nabam,  to  weanling  rats  for  9  or  10  days 
(J4).  ’The  two  companies  holding  patents  on 
zineb  at  the  time,  Rohm  and  Haas  and  E.  I. 
duPont  de  Nemours,  had  requested  toler¬ 
ances  of  20  ppm  on  various  fresh  fruits  and 
vegetables. 

Maneb  tolerances  were  first  established  In 
(October  1955  at  the  request  of  duPont  (PP 
No.  21).  A  7  ppm  tolerance  was  allowed  for 
maneb  on  more  than  20  crops. 

In  1957,  tolerances  for  zineb  on  spinach, 
lettuce,  and  six  other  related  crops  were  in¬ 
creased  from  7  ppm  to  25  ppm;  new  toler¬ 
ances  of  25  ppm  on  Chinese  cabbage  and 
romalne  were  granted  with  the  condition 
that  the  Interval  between  application  and 
harvest  be  Increased  since,  as  noted  by  the 
chemistry  reviewer,  “contradictory  to  our 
previous  Information  indicating  chemical  In¬ 
stability  and  rapid  dissipation  of  dithio- 
carbamate  residues,  the  Rohm  and  Haas  resi¬ 
due  data  show  that  residues  of  the  dlthio¬ 
carbamates  are  quite  persistent”  (35).  Data 
supporting  these  two  petitions  (PP  No.  76 
and  No.  101 )  were  obtained  In  a  2-3rear  feed¬ 
ing  study  In  rats  and  a  1-year  feeding  study 
In  dogs  (38).  In  the  rat  study,  mild  thyroid 
hyperplasia  was  seen  In  about  40  percent  of 
animals  at  500  ppm.  the  lowest  of  five  test 
doses.  Goitrogenic  effects  were  Induced  by 
the  other  four  doses.  In  the  dog  study,  only 
the  highest  of  three  doses  (20,  2,000,  and 
10,000  ppm)  caused  thyroid  hyperplasia.  Al¬ 
though  the  toxicologist  reviewing  the  data 
concluded  that  the  Increased  tolerances  be 
granted,  he  cautioned  that  "because  of  the 
seriousness  of  the  goitrogenic  effect  to  some 
people,  we  do  not  believe  that  a  tolerance  of 
25  ppm  should  be  extended  to  all  crops  which 
now  have  a  tolerance  of  7  ppm  of  the  dlthio¬ 
carbamates.  More  evidence  on  the  actual 
human  Intake  of  these  substances  and/or 
more  evidence  on  safety  would  be  required” 
(37). 

’The  first  mancozeb  tolerance  was  estab¬ 
lished  In  December  1962  for  15  ppm  on 
bananas  (PP#374).  ’The  first  metiram  tol¬ 
erances  were  established  In  July  1967  for  five 
crops  (apples,  celery,  cantaloupe,  cucumbers, 
and  tomatoes)  (PP  No.  488).  The  highest 
metiram  tolerance  was  7  ppm  on  apples. 
Toxicity  data  submitted  In  support  of  these 
tolerances  Included  2-year  feeding  studies 
of  dogs  and  rate  and  a  three-generation  rat 
reproduction  study. 

Final  action  on  a  tolerance  petition  for 
1  ppm  of  zineb  on  potatoes,  submitted  in 
1970,  was  never  taken  because  of  notifica¬ 
tion  by  FDA  (38)  that  results  of  an  FDA 
study  of  rate  fed  ETU  were  confirming  find¬ 
ings  of  carcinogenic  activity  reported  pre¬ 
viously  (39).  'These  results,  plus  the  fact 
that  EPA  chemists  had  found  ETU  In  com¬ 
mercial  EBDC  formulations  and  at  enhanced 
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concentrations  with  elevated  temperature 
and  humidity  (40),  led  those  in  charge  of 
setting  tolerances  to  recommend  In  Octo¬ 
ber  1971  revocation  of  EBDC  tolerances  for 
all  \ises  except  those  for  which  no  residues 
were  detected  (41.  42,  43).  No  action  was 
taken  on  revocation  primarily  because  evi¬ 
dence  that  there  were  significant  residues 
of  ETU  on  crops  was  insufficient.  Representa¬ 
tives  of  three  principal  EBDC  procedures  (du 
Pont,  Rohm  and  Haas,  and  F^C)  met  with 
EPA  in  early  1972  and  agreed  to  work  with 
the  Agency  to  reduce  the  tolerances  for  the 
major  crops  on  which  EBDC’s  are  lised 
(44). 

Subsequently,  tolerances  for  EBDC  residues 
on  major  crops  were  lowered.  Current  tol¬ 
erances  for  mancozeb,  maneb,  metlram,  and 
zineb  appear  in  the  Code  of  Federal  Reg¬ 
ulations  (40  CPR)  at  180.176,  180.110,  180.- 
217,  and  180.115,  respectively.  Interim  tol¬ 
erances  for  mancozeb,  metlram.  and  zineb 
appear  at  40  CPR  180.319. 

FDA  allows  3  ppm  nabam  to  control 
microorganisms  In  cane  sugar  and/or  beet 
sugar  mills  (40  CFR  121.1155)  and  to  control 
slime  formation  in  the  manufacture  of  paper 
and  paper  board  that  contact  food  (40  CFR 
121.2505). 

In  1973,  FDA  revoked  the  use  of  a  food 
additive,  2-mercaptolmidazollne.  on  the 
grounds  that  It  could  rearrange  to  form 
ETU.  a  carcinogen  (45).  In  1974,  FDA  pro¬ 
posed  to  regard  any  drug  or  cosmetic  product 
or  medical  device  as  adulterated  if  2-mer- 
captoimidazollne  was  used  In  the  manufac¬ 
ture  of  components  which  might  come  into 
contact  with  a  user,  a  patient,  or  a  drug 
product  (46).  No  final  regulation  has  yet 
been  published. 

In  evaluations  of  the  EBDC’s  from  1965 
throTigh  1970,  the  PAO^WHO  Joint  Meeting 
of  Pesticide  Experts  recommended  an  ac¬ 
ceptable  dally  Intake  (ADI)  for  man  (0  to 
0.025  mg  per  kilogram  body  weight) .  In 
the  1974  PAO^WHO  evaluation,  a  new  and 
lower  temporary  ADI  (0.005  mg/kg  was  rec¬ 
ommended  on  the  basis  of  reports  that  the 
EBDC’s  are  teratogenic  and  that  ETU  Is 
teratogenic,  mutagenic,  and  oncogenic.  ’The 
new  ADT  Is  In  effect  until  the  November  1977 
Joint  Meeting  where  re-evaluatlon  of  the 
EBDC’s  Is  planned  (47). 

In  August  1976,  after  a  series  of  meetings 
with  Agriculture  Canada  and  with  the  malor 
EBDC  manufacttirers.  the  Canadian  govern¬ 
ment  revoked  all  EBDC  tolerances  and  re¬ 
placed  them  with  interim  tolerances  to  cover 
only  essential  uses  for  which  there  are  no 
suitable  alternative  fungicides  available  (48) . 
The  Canadian  action  was  taken  because  ETTU 
had  been  shown  to  have  oncogenic,  terato¬ 
genic,  and  weak  mutagenic  activity. 

in.  SUMMARY  OP  SCIENTIFIC  EVIDENCE  TO 
SUPPORT  REBUTTABLE  PRESUMPTION 

The  following  adverse  effects  of  EBDC’s 
meet  or  exceed  the  criteria  for  issuance  of 
a  rebuttable  presumption  against  registra¬ 
tion  (RPAR) . 

A.  Hazard  to  wildlife:  Aquatic  organisms. 
Section  162.n(a)  (3)  (1)  (B)  (3)  specifies  that 
a  rebuttable  presumption  shall  arise  against 
a  pesticide’s  use  for  direct  application  to 
water  of  such  use  would  result  In  concen¬ 
trations  In  a  6-lnch  layer  of  water  more  than 
one-half  the  acute  LCr^i  for  aquatic  organisms 
likely  to  be  exposed.  Data  Indicate  that  pesti¬ 
cide  products  containing  maneb  labeled  for 
use  agains  cranberry  fruit  rot  at  an  applica¬ 
tion  rate  of  up  to  6  pounds  active  Ingredient 
per  acre  results  In  a  concentration  of  4.4 
ppm  in  a  6-lnch  layer  of  water.  McCann  (49) 
reported  a  96-hour  LC.v)  of  0.99  to  1.00  ppm 
for  bluegllls.  Data  further  Indicate  that  zineb 


products  labeled  for  use  against  cranberry 
fruit  rot  at  an  application  rate  of  up  to  4.8 
pounds  active  ingredient  per  acre  results  In 
a  concentraion  of  3.52  ppm  In  a  6-lnch  layer 
of  water.  A  26-hour  LCm  of  0.2  ppm  has  been 
reported  for  Daphnla  magna  (50).  ’Therefore, 
the  criterion  of  5  162.11(a)  (3)  (1)  (B)  (3)  Is 
exceeded  for  maneb  and  zineb. 

B.  Oncogenic  effects  in  test  animals.  40 
CFR  162.11(a)  (3)  (U)  (A)  provides  that  a 
rebuttable  presumption  shall  arise  If  a  pesti¬ 
cide’s  ingredient (s) .  metabolite (s),  or  degra¬ 
dation  product(s)  Induce(s)  ’’oncogenic  ef¬ 
fects  In  experimental  mammalian  species 
or  in  man  as  a  result  of  oral.  Inhalation  or 
dermal  exposure.”  40  CFR  162.3  (bb)  defines 
the  term  “oncogenic”  as  "the  property  of  a 
substance  or  a  mixture  of  substances  to  pro¬ 
duce  or  Induce  benign  or  malignant  tumor 
formation  In  living  animals.” 

1.  Maneb.  Mice  were  given  a  single  weekly 
dose  of  maneb  (500  mg/kg  body  weight)  by 
stomach  tube  for  6  weeks.  Lung  adenomas 
developed  in  4  of  42  test  animals,  but  none 
appear  in  44  control  animals  of  one  strain. 
In  a  second  stain  lung  adenomas  developed 
In  23  of  42  test  animals  compared  to  12  of 
45  controls  p  =  0.007  (St). 

In  a  1976  evaluation  of  the  carcinogenic 
risk  of  maneb,  a  working  group  of  the  United 
Nations  International  Agency  for  Research 
on  Cancer  (lARC)  concluded  from  this  study 
that  maneb  produced  an  Increased  Incidence 
of  lung  tumors  in  mice  of  the  second  strain 
(25) .  The  EPA  Carcinogen  Assessment  Group 
(CAO)  subsequently  reviewed  this  study  and 
concluded  that  “oral  administration  of 
maneb  significantly  Increased  the  Incidence 
of  benign  tumors  of  the  lung  In  one  strain  of 
mouse”  (52) . 

2.  Zineb.  Mice  of  two  strains  (A  and  C57BL) 
were  given  weekly  doses  of  zineb  (3,500  mg/ 
kg  body  weights;  purity  unspecified)  by 
stomach  tube  In  1  percent  starch  solution 
for  6  weeks  and  then  sacrificed  3  months 
after  the  last  dosing.  Lung  adenomas  were 
found  In  the  treated  animals  of  both  strains 
and  In  the  controls  of  strain  A  but  not  In  the 
controls  of  the  C57BL  strain  (53).  When 
mice  of  the  C57BL  strain  were  given  lower 
weekly  doses  of  zineb  (1,750  mg/kg  body 
weight)  by  the  same  administration  route 
but  over  a  longer  period  of  time  (11  weeks), 
lung  adenomas  were  found  in  the  treated 
animals  but  not  in  controls.  The  number  of 
mice  that  developed  lung  adenomas  are 
given  In  'Table  7. 


Table  7. — Xumhers  nf  zineb — treated  mire 
that  developed  lung  adenomas 


Dose 

Strain  A 

Strain  C57BL 

Treated  Controls 

Treated 

Controls 

3,.'i00  mg/kg... 
1,7.t0  mg/kg... 

...  aVlOl  30/97 

...  (>)  (') 

6/79 

2/29 

0/87 

O/.W 

•  Not  treated 


In  a  1976  evaluation  of  the  carcinogenic  risk 
of  zineb,  lARC  concluded  from  this  study 
that  zineb  produced  an  Increased  Incidence 
of  lung  tumors  in  mice  of  one  strain  (25). 
CAO  subsequently  reviewed  this  study  and 
concluded  that  “strain  C57BL  mice  Ingest¬ 
ing  zineb  had  an  Increased  Incidence  of  lung 
adenomas”  (52). 

3.  Ethylenethiourea.  ETU,  the  degrada¬ 
tion  product  and  metabolite  common  to  all 
the  EBCD’s,  is  oncogenic  In  mice  and  rats. 

a.  Mice.  Two  strains  of  mice  given  a  single 
oral  dose  of  ETU  (646  ppm)  dally  tor  over 
80  weeks  developed  liver  tumors,  lung  tu¬ 
mors,  and  lymphomas  (39,54).  (Th>Told 
glands  were  not  examined  for  histopatho¬ 


logic  changes.)  Liver  tumors  developed  In 
100  percent  of  the  females  of  strain  X  com¬ 
pared  with  0  percent  In  controls  (p< 0.001) 
and  in  100  percent  of  the  males  of  strain  Y 
compared  with  6  percent  In  controls  (p< 
0.001).  In  strain  X  males,  liver  tumors  de¬ 
veloped  In  88  percent  of  the  animals  com¬ 
pared  with  21  percent  In  controls  (p<0.001). 
In  strain  Y  females.  56  percent  of  the  ani¬ 
mals  had  liver  tumors  compared  with  none 
In  the  controls  (p <0.001)  (52).  ’The  Inci¬ 
dence  of  liver  tumors  Is  given  in  Table  8. 


Table  S. — Xumbers  of  male  and  female 
mice  trith  malignant  tumors  of  the 
liver 


strain 

Dose  (parts  per 

'Tumor  of  the 
liver 

Male 

Female 

X.. 

X. . 

Y. . 

y.. 

. 

lolo 

>  3/14 
>  14/16 
1/18 
18/18 

0/18 

18/18 

0/18 

9/16 

>  Information  on  missing  mice  is  not  availablr. 


In  a  1974  evaluation  of  this  study,  I  ARC 
commented  that  “the  reported  increased  in¬ 
cidence  of  liver  cell  tumors  in  two  strains 
of  mice  following  oral  administration  awaits 
confirmation”  (11).  However,  at  that  time, 
lARC  did  not  have  all  the  details  of  the 
Innes  study;  in  particular,  they  lacked  the 
NTIS  report,  which  presents  more  complete 
Information.  CAO  concluded  that  ETU  “in¬ 
duced  highly  significant  Incidences  of  tumors 
of  the  liver  in  males  and  females  of  both 
strains.  There  also  were  significant  Increases 
in  tumors  at  all  sites,  but  this  was  essentially 
due  to  the  increase  in  liver  tumors”  (52) . 

b.  Rats.  ETU  has  been  administered  orally 
to  rats  In  two  different  studies.  In  the  first, 
two  doses  (350  and  175  ppm)  were  given  daily 
for  18  months  and  the  animals  were  observed 
for  6  months.  Thyroid  carcinomas  were  pro¬ 
duced  In  test  animals  at  both  doses,  but  they 
did  not  occur  In  the  controls  (55).  The  in¬ 
cidence  of  thyroid  carcinomas  and  adenomas 
Is  given  In  Table  9. 

Table  9. — Xumber  of  rats  that  developed 
lesions  of  the  Thyroid  gland  after  in¬ 
gesting  ETV 


Male  Female 

Dose - - 

Adenoma  Carrinoma  Adenoma  Carcinoma 


op/m .  0/32  0/32  0/32  0/32 

17.'>  p/m .  0/2f.  3/20  2/20  3/26 

3o0  p/m .  0/26  >  17/26  1/26  8/26 


•  There  were  metastases  to  the  lungs  of  2  rats. 

Among  rats  fed  350  ppm  ETU,  61  percent 
of  the  males  (p^ 0.001)  and  31  percent  of 
the  females  ( <0.001)  had  follicular  and 
papillary  carcinomas  of  the  thyroid. 

Malignant  tumors  developed  in  organs 
other  than  the  thyroid  gland  In  animals  fed 
ETU.  These  tumors  Included  a  carcinoma  of 
the  colon  in  one  male  rat  fed  175  ppm  and 
squamous  cell  carcinomas  in  two  male  rats 
fed  350  ppm  (52) . 

In  the  second  study,  rats  were  fed  ETU 
(500,  250,  125,  25,  or  5  ppm)  for  almost 
2  years.  ’Thyroid  carcinomas  were  produced 
by  dosages  of  500  and  250  ppm;  thyroid 
adenomas  by  500,  250,  and  125  ppm;  and 
thyroid  hyperplasia  mainly  by  125,  25,  and 
5  ppm  (56).  The  development  of  thyroid 
carcinomas  progressed  from  11  percent  in 
the  controls  to  64  percent  in  animals  fed 
25  ppm  ETU  and  to  97  percent  in  animals 
dosed  with  500  ppm  ETU  (52) .  The  Incidence 
of  thyroid  lesions  Is  given  in  Table  10. 
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Table  10. — Xuniber  of  ratit  that  developed 
thyroid  lesions  after  ingesting  ETV  for 
12  to  24  mo  V 


Dose 

Hyper¬ 

plasia 

Adenomas 

Carci¬ 

nomas 

Total 

Op/m.... 

4/72 

2/72 

2/72 

8/72 

5  p/m.... 

20/75 

0/75 

2/75 

22/75 

25  p/m _ 

41/73 

5/73 

1/73 

47/73 

125  p/m . . 

44/73 

1/73 

>2/73 

47/73 

250  p/m . . 

27/99 

21/60 

16/ee 

64/69 

500  p/m . . 

3/70 

3/70 

62/70 

66/70 

*  Number  of  rats  with  metastases  of  the  lung  is  not 
given.  The  authors  state;  “When  rats  developing  thyroid 
tumors  during  year  1  were  added  to  these  figures,  there 
was  an  increase  in  thyroid  tumors  in  rats  fed  125  p/m 
ETU  compared  with  controls.  The  tumors  also  arose 
earlier.” 

Thyroid  lesions  were  dose  related  In  treated 
rats.  Lesions  at  the  lower  doses  were  mainly 
hyperplasia  and  a  few  adenomas.  Incidences 
of  thyroid  lesions  among  rats  Ingesting  250 
ppm  consisted  of  23  percent  carcinomas,  30 
percent  adenomas  and  39  percent  hyperlasla. 
Lesions  In  rats  fed  500  ppm  were  80  percent 
carcinomas  (52). 

There  was  no  Indication  of  reversibility  of 
thyroid  gland  tumors  in  treated  rats  for  66 
weeks  who  were  returned  to  the  control  diet 
for  the  remainder  of  the  study  (52). 

Malignant  tumors  other  than  thyroid  car¬ 
cinomas  were  Increased  In  rats  fed  5  and  250 
ppm  ETU.  These  tumors  consisted  primarily 
of  carcinomas  of  the  mammary  gland,  hepa¬ 
tomas  and  squamous  cell  carcinomas  but  sar¬ 
comas.  lymphosarcomas,  and  fibrosarcomas 
were  also  observed. 

Because  the  second  study  was  not  available 
at  the  time  of  their  deliberations,  lARC  con¬ 
cluded  on  the  basis  of  the  first  study  alone 
that  ETU  produced  thyroid  carcinomas  (II). 

CAO  concluded  that  ETU  “Increcued  sig¬ 
nificantly  the  frequency  of  thyroid  cancers 
In  two  different  studies  on  rats”  (52). 

On  the  basis  of  this  five  studies,  the  Work- 
j  Ing  Group  concluded  that  the  evidence  that 

!  long-term  oral  administration  of  EBDC’s  or 

ETU  Is  oncogenic  in  mice  and  rats  supports 
the  Issuance  of  an  RPAR. 

C.  Teratogenic  effects  in  test  animals.  40 
CPR  162.11(a)  (3)  (11)  (B)  provides  that  "a 
rebuttable  presumption  shall  arise  If  a  pesti- 
I  cide's  Ingredient (s),  metabollte(s),  or  degra- 
1  datlon  product(s)  produces  any  other  chronic 
or  delayed  toxic  effect  In  test  animals  at 
[  any  dosage  up  to  a  level,  as  determined  by 

^  the  Administrator,  which  is  substantially 

i  higher  than  that  to  which  humans  can  rea- 

r  sonably  be  anticipated  to  be  exposed,  taking 

)  Into  account  ample  margins  of  safety.” 

[  In  1073,  Khera  reported  that  ETU  admln- 

.  Istered  to  rats  In  multiple  oral  doses  Is  tera- 

I  togenlc  (57).  Female  Wlstar  rats  were  given 
single  dally  oral  doses  of  ETU  (5,  10,  20,  40, 
or  80  mg/kg).  The  rats  were  divided  Into 
three  groups:  each  of  which  received  the 
above  dosages.  (1)  Those  treated  21  to  42 
days  before  onset  of  pregnancy  until  day  16 
I  of  gestation;  (2)  those  treated  on  days  6  to 
15  of  gestation;  and  (3)  those  treated  on  days 
7  to  20  of  gestation.  Pregnancy  was  success¬ 
ful  in  10  to  18  rats  at  each  dosage  In  each 
group,  with  the  exception  of  group  2  rats 
fed  80  mg/kg  ETU;  treatment  was  lethal  to 
9  of  11  rats  In  this  group.  Fetal  survival  was 
not  affected  by  any  dose,  but  growth  was  re¬ 
tarded  In  fetuses  from  rats  fed  40  or  80  mg/kg 
ETU.  Abnormalities  occtirred  in  fetuses  of 
rats  fed  10  mg /kg  or  more  ETU.  Anomalies 
observed  occurred  In  all  three  groups  and 
appeared  to  be  dose  dependent.  In  group  1. 
the  percentages  of  malformed  fetuses  at  20 
and  40  mg.^g  were  11  and  83  percent,  re¬ 


spectively;  those  In  group  2  at  10,  20,  40,  and 
80  mg/kg  were  1,  17.  80.  and  100  percent; 
those  In  group  3  at  10.  20,  and  40  mg/kg 
were  3.  12.  and  91  percent.  The  only  other 
dosage  used,  5  mg  ''kg,  was  considered  the  no¬ 
effect  level  (NEL).  The  anomalies  observed 
Included  meningoencephalocele,  menlngor- 
rhagla,  menlngorrhea,  hydrocephalus,  oblit¬ 
erated  neural  canal,  abnormal  pelvic  limb 
posture  with  equlnovarus,  and  short  or  kinky 
tall. 

In  a  subsequent  study,  single  oral  doses 
of  ETU  (240  mg/kg)  were  administered  to 
rats  during  the  gestation  period  (days  10  to 
21)  to  establish  the  relation  between  the 
type  of  anomalies  seen  and  the  day  of  treat¬ 
ment  (58).  Malformations  Induced  by  ad¬ 
ministration  at  the  onset  of  organogenesis 
(day  10)  were  restricted  to  the  pelvic  region 
and  included  spina  bifida,  ectopic  genitalia, 
and  nephrosis.  Administration  on  days  12  to 
15  did  not  produce  spina  bifida  or  ectopic 
genitalia  but  did  produce  cleft  palate,  tall 
defects,  and  sternoschlsls.  After  day  16.  hy¬ 
dropic  anomalies  resulted.  The  authors  state 
that  this  study  showed  ETU  to  be  a  unique 
teratogen  In  that  It  produces  simultaneously 
anomalies  that  have  been  considered  mutu¬ 
ally  exclusive  (hydrocephelvis  and  exen- 
cephaly).  Unlike  other  teratogens,  it  also 
Induces  cranial  defects  after  closure  of  the 
anterior  neuropore. 

In  a  recent  study  of  the  metabolic  fate  of 
“C-ETU  In  pregnant  rats,  a  single  oral  dose 
(1(X)  mg/kg)  given  on.  day  12  of  gestation 
was  absorbed  easily  from  the  gastrointestinal 
tract  and  translocated  Into  many  body  tis¬ 
sues,  Including  the  fettis,  within  2  hours  of 
administration  (59).  After  24  hours,  the  level 
of  '<C-count  (radioactivity)  had  decreased  In 
all  tissues  except  the  thyroid  in  which  It 
accumulated. 

In  determining  whether  an  ample  margin 
of  safety  exists  to  protect  humans  from 
teratogenic  effects  of  ETU,  the  Working 
Group  took  Into  account  the  following 
factors: 

(1)  Tolerances  exist  for  EBDC’s  on  many 
different  crops. 

(2)  EdDC’s  are  converted  to  ETU  with 
cooking. 

(3)  There  are  few  data  concerning  actual 
intake  of  EBDC's  or  ETU  In  food. 

The  Working  Group,  therefore,  determined 
that  a  reasonable  approach  is  to  assume  that 
there  Is  stoichiometric  conversion  of  EBDC's 
to  ETU  and  that  the  best  estimate  of  dally 
Intake  Is  given  by  calculation  of  theoretical 
dally  Intake  from  existing  EBDC  tolerances. 
If  the  EBDC  residues  are  assumed  to  be  at 
tolerance  levels  and  food  factors  established 
by  FDA  (60)  are  used,  the  theoretical  dally 
human  Intake  of  ETU  Is  calculated  as  0.02 
mg/kg  (61).  If  the  teratogenic  NEL  estab¬ 


lished  by  Khera  (5  mg/kg  body  weight)  Is 
used,  the  resulting  margin  of  safety  Is  250 
(61). 

The  Working  Group  Is  concerned  that  this 
estimate  of  exposure  does  not  Include  pos¬ 
sible  exposure  from  home  use  other  than 
what  may  be  on  foods.  The  population  at 
high  risk  from  the  teratogenic  activity  of 
ETU  Is  composed  of  women  of  child-bearing 
age.  The  Working  Group  concludes  that  the 
nutrgln  of  safety  Is  not  great  enough  to 
protect  this  population  from  the  teratogenic 
effects  of  ETTU,  and  that  an  RPAR  be  Issued. 

The  Working  Group  Is  further  concerned 
that  the  theoretical  daily  intake  of  EBDC’s 
(0.06  mg/kg)  exceeds  the  acceptable  daily 
EBDC  Intake  recommended  by  FAG^WHO 
(0.005  mg/kg)  by  a  factor  of  12. 

rv.  Other  adverse  effects.  This  section  ad¬ 
dresses  adverse  effects  which  EBDC’s  may 
produce  but  for  which  Insufficient  evidence 
exists  to  issue  a  rebuttable  presumption.  The 
Working  Group  recommends  that  the  Agency 
solicit  comment  on  the  evidence  presented 
below  and  encourage  the  submission  of  ad¬ 
ditional  studies  or  relevant  Information  on 
these  effects. 

A.  Thyroid  effects.  Deficiencies  of  thyroid 
function  (hypothyroidism)  can  be  manifest 
at  any  age.  The  condition,  when  fully  devel¬ 
oped.  Is  characterized  by  hypertrophy  of  the 
thyroid  or  goiter;  puffiness  of  the  face;  In¬ 
creased  water  retention  and  sometimes  true 
edema;  cold,  dry  skin;  scaly  scalp;  loss  of 
hair;  changes  In  voice;  faulty  hearing;  de¬ 
creased  appetite;  decreased  gastrointestinal 
activity;  impaired  mentality;  common  con¬ 
stipation  and  abdominal  distention;  weak¬ 
ness  of  voluntary  and  perhaps  Involuntary 
muscles;  drowsiness;  and  sensitivity  to  the 
cold  (62). 

The  presence  of  hypothydoldlsm  in  infants 
can  result  in  "cretinism,”  mental  retarda¬ 
tion.  and  decreased  growth  rate  as  well.  Un¬ 
fortunately,  cretinism  and  retardation  are 
not  detectable  at  birth  and  are  only  rec¬ 
ognized  at  3  to  5  months  of  age.  To  be  ef¬ 
fective.  treatment  must  start  long  before 
these  obvious  changes  have  come  about. 

Because  the  antithyroid  drugs  currently 
used  to  treat  hyperthyroidism  readily  pass 
the  placental  barrier  and  can  Induce  hypo¬ 
thyroidism  In  the  developing  fetus,  labels 
for  their  use  caution  against  use  alone  dur¬ 
ing  pregnancy.  Nursing  Is  never  allowed  dur¬ 
ing  drug  therapy  (63). 

The  antithyroid  drugs  currently  used  to 
treat  hyperthyroidism  act  primarily  by  In¬ 
hibiting  the  fornmtlon  of  thyroid  largely  by 
interfering  with  the  binding  of  iodide  into  an 
organic  form.  Among  these  are  the  'thlo- 
amides  which  Include  thiouracll,  thlobar- 
bltal,  carblmazole,  methlmazole,  and  propyl¬ 
thiouracil  (Table  11).  The  latter  two  are  the 
most  commonly  used  today. 


Table  11. — Structure  of  ETV,  amitrole,  and  some  antithyroid  compounds  of  the 
thioamidc  type  formerly  and  currently  used  in  hyperthyroidism 
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Although  the  exact  mechanisms  of  hor¬ 
mone  inhibition  are  not  known  fco-  each 
drug,  the  net  result  Is  that  the  symptoms 
characteristic  of  classic  hsrpothyroldlsm  can 
be  produced  by  excesses  of  any  of  these 
agents  (62).  ETU  is  thought  to  produce  anti¬ 
thyroid  effects  by  a  simUar  Interference  In 
the  conversion  of  inorganic  to  organic  iodide 
within  the  thyroid  (52) . 

Freudenthal  and  co-workers  (64)  fed  rats 
ETU  in  the  diet  in  amouts  of  1,  5,  26,  125, 
or  625  ppm  for  30,  60,  or  90  days.  Controls 
were  fed  125  ppm  propylthiouracil  (PTU)  or 
50  ppm  amltrole,  amoimts  known  to  cause 
significant  antithyroid  effects  (positive  con¬ 
trols)  ,  or  diet  alone.  The  authOTS  report  that 
only  positive  controls  or  rats  that  received 
125  or  625  ppm  ETC  had  measurable  altera¬ 
tions  in  thyroid  structure  or  function. 

Rats  that  received  626  ppm  ETTiJ  had  ex¬ 
cessive  salivation,  loss  of  hair,  scaly  skin,  30 
to  40  percent  reduction  of  food  consumption 
and  reduced  weight  gain.  Controls  and  other 
groups  fed  ETU  showed  no  adverse  clinical 
effects.  Biochemical  changes  included  a  de¬ 
crease  in  iodide  uptake  in  rate  fed  625  ppm 
ETU;  decreased  concentration  of  serum 
triiodothyronine  (T,)  and  thyroxine  (TJ  in 
rats  fed  625  ppm  STITT  or  125  ppm  PTU,  as 
well  as  increased  serum  concentrations  of 
thyroid-stimulating  hormone  In  positive 
controls  and  rats  fed  125  or  625  ppm  ETU. 

Gross  necropsy  revealed  enlarged,  red  thy¬ 
roids  In  positive  controls  and  rats  fed  125 
or  625  ppm  ETU,  and  the  ratios  of  thyroid 
weight  to  body  or  brain  weight  were  signif¬ 
icantly  increased  in  the  latter  group. 

Microscopic  examination  revealed  thyroid 
hyperplasia  of  various  degrees  In  all  groups 
fed  25  ppm  ETU  or  more,  but  It  was  less 
marked  than  that  seen  in  PTU  controls.  In 
rats  fed  625  ppm  th3n'old  adenomas  were 
found. 

No  effects  were  seen  in  rats  fed  5  ppm;  ef¬ 
fects  of  25  ppm  were  apparent  after  60  dairs 
treatment  but  not  after  30  or  90  days. 

Although  the  mechanism  by  which  ETU 
affects  the  thyroid  is  unknown,  the  fact  that 
the  molecular  structure  of  ETU  is  remarkably 
similar  to  that  of  the  thioamldes  (Table  12) 
and  the  fact  that  in  rats  ETU  has  been  found 
to  produce  symptoms  characteristic  of  re¬ 
duced  thyroid  activity  similar  to  those  caused 
by  anti-thyroid  drugs  causes  concern  that 
any  or  all  of  the  symptoms  of  hypothyioid- 
ism  might  occur  to  some  degree  in  persons 
exposed  to  EDBC’s  or  its  metabolite  ETU  and 
that  the  effects  of  ETU  on  the  thyroid  and 
those  caused  by  anti -thyroid  drugs  or  nat¬ 
ural  goitrogen  are  at  least  additive.  Popula¬ 
tion  at  particular  risk  are : 

( 1 )  People  being  treated  with  anti-thyroid 
drugs. 

(2)  People  with  known  sensitivity  to  anti¬ 
thyroid  drugs  or  other  goitrogenic  agents. 

(3)  Women  of  child-bearing  age. 

(4)  People  with  “border  line"  hypothy¬ 
roidism. 

(5)  pe<9le  whose  diets  are  rich  in  foods 
that  contain  natural  goiterogens  (kale,  cab¬ 
bage,  brussel  sprouts,  tmulps,  broccoli,  rape, 
and  kolhrabi). 

B.  Mutagenic  effects. — 1.  Maneb.  The  fre¬ 
quency  of  chrmnosomal  aberrations  (pri¬ 
marily  chromatid  breaks)  in  cultured  human 
lymphocytes  treated  with  maneb  (0.6,  16,  or 
30  ijg/ml)  was  10  to  20  percent  greater  than 
that  in  controls;  but  it  was  not  dependent  on 
dosage  (65).  However,  when  the  exposxire 
time  was  increased  to  48  hours,  the  frequency 
of  chromosomal  aberrations  in  cells  treated 
with  15  ^^ml  was  63  percent  greater  than 
that  in  controls. 

In  rabbits  administered  a  single  dose  of 
frequency  of  chromosomal  aberrations  in 
maneb  (800  mg/kg)  by  stomach  tube;  the 
treated  animals  was  7  percent  greater  than 
that  in  controls  (65).  The  incidence  of  aber¬ 


rations  in  rabbits  given  a  single,  lower  dose 
of  maneb  (14  mg/kg)  did  not  Increase;  but 
the  incidence  did  increase  (5  percent  more 
than  controls)  in  rabbits  given  multiple 
doses  of  this  amount  for  4 Vi  months  (65). 

In  mice  given  a  single  oral  dose  of  Maneb 
(100  mg/kg)  the  frequency  of  chromosome 
damage  increased  1.3  percent  over  that  in 
controls  (p=.027)  (65).  Mutants  in  the  co- 
nldla  of  Altemaria  mali  were  induced  by  ex¬ 
posure  to  Maneb  (65) . 

2.  Zineb.  In  a  study  of  the  cultured  human 
lymphocytes  from  15  workers  employed  at 
different  stages  of  Zineb  manufacture,  the 
mean  frequency  of  aberrant  metapbases  was 
6  percent  greater  than  that  in  controls 
(p.<.0001)  (67).  In  mice  given  a  single  oral 
dose  of  Zineb  (100  mg/kg)  the  frequency  of 
chromosome  damatge  in  bone  marrow  cells 
was  almost  1  percent  greater  than  that  in 
controls  (65).  Mutants  in  the  conidla  of 
Alternaria  mali  were  induced  by  exposure  to 
Zineb  (66). 

3.  Ethylenethiourea.  ETU  was  reported  to 
have  weak  mutagenic  activity  in  a  microbial 
system  (Ames  test)  used  to  detect  base  sub¬ 
stitutions  (68).  However,  Teramoto  and  co¬ 
workers  were  unable  to  confirm  this  finding 
with  the  same  microbial  strain  (69).  How¬ 
ever,  they  did  report  a  dose-related  Increase 
in  the  mutation  rate  induced  by  ETU  in 
another  strain  which  is  more  sensitive  to 
base  substitution  mutations. 

ETU  has  much  more  potent  mutagenic 
activity  when  nltrosated.  In  both  microbial 
(without  metabolic  activation)  and  mam¬ 
malian  systems,  the  mutagenic  activity  of 
ETU  combined  with  sodium  nitrite  was 
dramatically  Increase  (70).  Presumably 
N-nltroso  ETTU  is  formed. 

C.  Skin  sensitization.  Documents  submit¬ 
ted  in  support  of  tolerance  requests  reported 
that  skin  of  male  guinea  pigs  to  which  a 
20  percent  water  suspension  of  Maneb  was 
applied  became  sensitized  (PP  No.  156). 
EBDC’s  have  long  been  recognized  as  ir¬ 
ritants  of  skin  and  eyes,  and  statements  that 
contact  with  eyes  and  skin  is  to  be  avoided 
are  required  on  pesticide  labels.  However, 
skin  sensitization,  unlike  contact  dermatitis 
resulting  from  skin  or  eye  irritation,  can 
lead  to  severe  toxicologic  effects  in  suscepti¬ 
ble  individuals  (71). 

Skin  sensitization  and  cross  sensitization 
by  EBDC's  and  ETU  were  also  observed  in 
studies  with  female  guinea  pigs,  llie  degree 
of  sensitization  caused  by  ETU  was  slighter. 
Cross  sensitization  to  different  EBDC’s  was 
conspicuous.  (72). 
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_ $15.00 

1966  (Book  II) _ 

_ $14.35 

1963-64  (Book  II) _ 

_ $15.25 

1967  (Book  I) 

_ $12.85 

iq6>i  (Rnnlr  T) 

_  $12.25 

1%7  (Book  II) 

_ $11.60 

1%5  (Book  li) _ 

_ $12.35 

1968-^  (Book  I) _ 

_ $14.05 

1966  (Book  I) _ $13.30  1968-69  (Book  II) _ $12.80 


RICHARD 

NIXON 

1969 _ 

-  _  _  $17.15 

1972 _ 

_ $18.55 

1970  __ 

_  _ $18.30 

1973—  _ 

_ $16.50 

1971-  __ 

_  $18.85 

1974 _  __  _ 

_ $12.30 

GERALD  R.  FORD 

1974 _ $16.00 
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